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When confluent cultures of the transformed human keratmocyte hne SV-K14 are shifted to serum-free medl- 
urn the cells achieve, wlthm 4 days, the ablhty to synthesize a cormfied envelope after challenge with the 
Caz+ lonophore A23187 During these 4 days the enzyme transglutammase (EC 2 3 2 13), which catalyses 
the cross-hnkmg of different envelope precursor protems, IS partially transferred from the cytosohc pool 
mto the plasma membrane The association of the enzyme with the plasma membrane proves to be an essen- 
tial step m the envelope formatlon smce a du-ect correlation between plasma membrane-bound transgluta- 
mmase and envelope competence IS observed Retmolds block the Insertion of the enzyme and therefore 
prevent envelope formatlon 
Transglutammase Plasma membrane 
1. INTRODUCTION 
The synthesis of a cornified envelope is one of 
the main aspects of terminal differentiation of 
eptdermal keratmocytes [ 11. The key enzyme m 
this process is transglutaminase (R-glutaminyl- 
peptide :amine y-glutamyltransferase, EC 2.3.2. 
13) which catalyses in a Ca’+-dependent manner, 
the cross-linking of different cytosolic and plasma 
membrane associated precursor proteins [2] 
through f-(y-glutamyl-lysme) tsopeptide bonds [3]. 
In 1982, Yuspa et al. [4] reported the paradox- 
ical fmdmg that retmoic acid increased trans- 
glutaminase activity in cultured mouse 
keratmocytes and, at the same time, inhibited cor- 
nified envelope formation. The same group [5] 
recently tried to resolve this paradox by the 
demonstration of two distmct forms of the en- 
zyme, a soluble one, which is inducible by retinotc 
Abbrevzatlons DMEM, Dulbecco’s modlflcatlon of 
Eagle’s medium contammg 5.5 mM glucose and 4 mM 
glutamme; F12, Ham’s medium F12, PBS, phosphate- 
buffered sahne without calcium or magnesium; DTE, 
dlthloerythrltol 
Keratmocyte Cormjied envelope 
acid, and a particulate one, responsible for cor- 
nified envelope syntheses. 
Here we present evidence that the development 
of cormfied envelope competence in the trans- 
formed human keratinocyte line W-K14 1s accom- 
pamed by a shift from cytosoluble trans- 
glutaminase into the plasma membrane. This 
redistribution is totally prevented m the presence 
of retmoic acid. Based on these findings, we pro- 
pose, that during terminal differentiation, 
cytosoluble transglutammase is modified by a 
post-translational mechanism leading to the mser- 
tion of the enzyme into the plasma membrane. 
This Insertion is an essential step in the develop- 
ment of envelope competence. 
2. MATERIALS AND METHODS 
2.1. Organrsm and culture condltlons 
The transformed human foreskin keratmocyte 
line W-K-14 (a kmd gift from Dr B. Lane, Im- 
perial Cancer Research Fund, London) was used 
after about 25 passages. The cells were grown at 
37°C (5% co2, humidified atmosphere) in 
DMEM/F12 (1: 1) containing 100000 units 
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penlcillln, 100 mg streptomycin and 25Opg am- 
photericin B per 1 medium which was sup- 
plemented with 5-10% fetal calf serum depending 
on the batch. The medium was renewed every 2 
days. To obtain maximum competence for cor- 
mfled envelope formation, cells from a confluent 
culture were Incubated for 4 days m serum-free 
DMEM/FI2 (I : 1) including one medium change. 
2.2. Trypsrnrzatmn of the cells 
Cells were washed twice with PBS before 
treating them for 8 mm at 37°C with PBS contam- 
mg 0.04% (w/v) trypsm and 1% (w/v) EDTA. The 
trypsmlzatlon was stopped by the addition of fetal 
calf serum to a final concentration of 20% (v/v). 
2.3. Assay for cormfled-en velope competence 
The procedure of Cline and Rice [6] was used 
with some modifications. 4 x IO5 cells were m- 
cubated m 0.5 ml DMEM/F12 containing 5 pg of 
the calcium lonophore A23 187. After 3 h, 20 ~1 of 
20% SDS (w/v) and 1 mg DTE were added before 
incubating the suspension for 5 mm at 100°C 
After cooling, 10 ~1 of a DNase solution (I mg/ml) 
were added to prevent aggregation of the envelopes 
which were counted with a hematocytometer 
2.4. Cell fractronatlon 
Plasma membranes were purified by the 
microbead density perturbation technique [7] 
essentially as described m 181. Microbead coated 
cells were lysed m a hypotomc buffer (5 mM Tns- 
HCl, pH 7.5, 1 mM EGTA, 1 mM DTE, 1 pg/ml 
aprotmm), the suspension was homogenized m a 
tight-fitting Dounce glass homogenizer until the 
nuclei were broken (about 30 strokes). The plasma 
membranes were spun down at 300 x g for 5 mm 
and washed twice with lysis buffer. The superna- 
tant was centrifuged for 30 mm at 50000 x g. The 
resulting pellet was taken as the particulate frac- 
tion and the supernatant as the cytosoluble 
fraction. 
2.5. Transglutammase assay 
Transglutaminase was assayed as described by 
De Young and Ballaron f9] with minor modiflca- 
tlons. Aliquots (100 ~1) were added to 600 ,~l of the 
followmg reactlon mixture: 50 mM Tns-HCl buf- 
fer, pH 8.1, containing 10 mM CaCl2,5 mM DTE, 
540 pg dlmethylcasem, 1 mM putrescme contam- 
202 
mg 2.5 ,&I “C-labelled putrescine. After 1 h m- 
cubatlon at 37°C the reaction was stopped by ad- 
dmg 600 ~1 of 1O”lo (w/v) trichloroacetlc acid. The 
samples were filtered over 0.45 pm cellulose nitrate 
filters and washed with 15 ml of 5% (w/v) 
trlchloroacetlc acid containing lolo (w/v) cold 
putrescine. Specific actlvlty was calculated as nmol 
putrescme mcorporated into casein/mg protein per 
h at 37°C. 
2.6. Chemcals 
Culture media and fetal calf serum were from 
Flow Laboratories and Glbco. Aprotmm, calcmm 
lonophore A23 187 and deoxyrlbonuclease were 
from Boehrmger, Mannhelm. [ 1 ,4-14C]Putrescme 
(80-120 mWmmo1) was from New England 
Nuclear. 
3. RESULTS AND DISCUSSION 
The cell line used here was derived from a clone 
of SV-40 transformed human foreskin keratmo- 
cytes [lo]. It possesses an apparently unlimited 
growth potential with an impaired ability to dlf- 
ferentiate [IO,1 I] Under normal culture condo- 
tlons, m the presence of 5-10% fetal calf serum, 
spontaneous and Ca2+-lonophore induced 
envelope formation 1s very hmlted (about 2% of 
the cells). However, when confluent cells are 
shlfted to serum-free medium, ionophore Induced 
envelope formation increases up to lOO%, whereas 
the spontaneous formation remains unchanged. 
This finding indicates that during serum starvation 
the cells have acquired the ability to synthesize 
envelopes (‘envelope competence’), but that 
limited availability of mtracellular free calcmm 
probably prevents final assembly. 
Since envelope formation requires the presence 
of precursor proteins and transglutammase, we 
determined both parameters m competent and 
non-competent cells. No slgmficant differences 
were found m precursor eqmpment (m prepara- 
tion) as well as m total transglutammase activity. 
This fmdmg led us to investigate the intracellular 
dlstrlbutlon of the transglutammase. A plasma 
membrane, cytosoluble and mtracellular par- 
ticulate fraction were prepared as described m sec- 
tlon 2, and assayed for transglutaminase actwity. 
The results show (table 1) that serum starvation 
leads to a significant increase m plasma membrane 
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Table 1 
Subcellular drstrrbutron of transglutammase activity 
Non-competent Competent 
cells cells 
Spec Total Spec. Total 
act a act b act.a act.b 
Cyto- 
soluble 70 98 45 88 
Plasma 
membrane 6 1 30 11 
Parttculate 15 1 1.5 1 
a Specific actrvrty expressed m nmol putrescme bound to 
dimethylcasem/mg protein per h, at 37°C 
b Percent of total activity recovered from the different 
fractions 
Envelope competent and non-competent cells were 
fractronated as described m section 2 
bound activity. This increase corresponds to reduc- 
tion in cytosoluble transglutaminase, whereas the 
activity recovered from the particulate fraction re- 
mains essentially unchanged. Control experiments 
proved that no transglutammase activity is asso- 
crated with the nuclei. 
From this finding we postulate that envelope 
competence requires the mcorporatron of trans- 
glutammase mto the plasma membrane. To prove 
this hypothesis two sets of experiments were 
designed. 
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Fig 1 Relation between serum concentratron m the 
culture medium and percentage of total trans- 
glutammase activity recovered m the plasma membrane 
fractron 
In the first experiment, we tried to modulate 
transglutaminase insertion by varying the serum 
concentration. The results m fig. 1 demonstrate 
that increasing serum concentration decreases 
membrane bound transglutaminase m a dose- 
dependent manner. 
In the second set of experiments the relationship 
between membrane bound transglutaminase and 
envelope competence was investigated. The results 
are shown in frg.2. Competence augments ex- 
ponentially with the incorporatron of trans- 
glutaminase into the membrane, 100% being 
achieved when about 10% of total enzyme activity 
1s recovered from the membrane fraction. 
Since retinoic acid is reported to increase trans- 
glutaminase activity in mouse epidermal 
keratmocytes, but to inhibit cormfied envelope 
synthesis [4] we mvestigated the effect of retmorc 
acid on both parameters in our cellular system 
Confluent cells were kept for 4 days in the presence 
of 1 PM all-trans-retmorc acid under serum starva- 
tion. Compared to competent control cells, a slight 
increase (about 30%) m total transglutaminase ac- 
tivity could be observed. However, only 1% of this 
activity was detected in the membrane fraction and 
no envelopes were synthesized after ronophore 
challenge. 
From our results we conclude that: (i) only the 
100 
60 
5 7 9 10 
X PLASHR HEHBRRNE BOUND 
TRRNSGLUTRMINASE ACTIVITY 
Frg.2. Relatron between envelope competence and 
percentage of total transglutammase recovered m the 
plasma membrane fraction 
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plasma membrane assocrated transglutammase 1s 
responsible for cormfled envelope competence m 
SV-RI4 keratinoc~es, (11) the membrane bound 
enzyme 1s recrmted from the cytosoluble pool by 
an unidentified mechamsm of post-translatronal 
modrfrcatron and (111) retmorc acid interferes wrth 
this mechanism. 
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